Abstract. Making use of any organic matter sources, including municipal waste leachate (MWL) in arid and semi-arid regions like central Iran is very important. The goal of the study was to investigate the effects of municipal waste leachate (MWL) application on soil properties and accumulation of heavy metals in wheat. The treatments consisted of 0 (T1), 150 (T2) and 300 of MWL Ton.Ha -1 (T3). Wheat seedlings were transferred to 4*4m plots. Municipal waste leachate was applied at tillering and panicle stages. In this study, the concentrations of extractable Fe, Mn, Cd and Ni (ppm) in soil under T1 were 2.19, 1.31, 0.06 and 0.30, they (ppm) in soil under T2 were 3.92, 1.99, 0.06 and 0.35, and they (ppm) in soil under T3 were 4.29, 2.18, 0.06 and 0.38, respectively. In the wheat under the treatments, the concentrations of extractable Fe, Mn, Cd and Ni (ppm) in roots under T1 were 1.78, 0.73, 0.007 and 0.007, they (ppm) in roots under T2 were 2.47, 0.97, 0.007 and 0.009, and they (ppm) in roots under T3 were 3.04, 1.10, 0.008 and 0.009, respectively. These results showed that the MWL caused increase of electrical conductivity, total nitrogen, phosphorus, available potassium, DTPA-extractable iron, manganese, cadmium and nickel in soil, and it caused increase of heavy metals in wheat.
INTRODUCTION
Accumulated municipal solid wastes in landfills decompose by a combination of physical, chemical, and biological processes (Asadi et al., 2011a) . Leachate is generated when water penetrates through the waste in the landfill. The water can be from all forms of water that fall from the air or flow from the surrounding land into the landfill or from the waste itself (Asadi et al., 2011b) . Leachates are reflected one of the types of wastewater with the utmost environmental influence.
A large volume of leachate is produced in the process of converting solid waste refuse into compost. This is due to the high moisture content of garbage in Iran. The leachate production will reach a volume of 5000 m 3 per day, if all the garbage produced in the country is converted into compost. Garbage leachate has been reported to affect soil physical and chemical properties. It promotes soil aggregation, reduces surface crusting, reduces pH in calcareous soils, and increases soil organic matter (Khoshgoftarmanesh and Kalbasi, 2001) . Leachate from municipal solid waste landfills include a variable mixture of solutes, including inorganic ions like Cl -, SO 4 2-, Ca, Mg, Na and K, heavy metals and volatile/semi-volatile organic compounds. It has been suggested leachate should be used as fertilizers (Hernandez et al., 1999) . Making use of any organic matter sources, containing municipal waste leachate (MWL) produced in process of converting solid waste refuses into compost in arid and semi-arid regions like central Iran, is very important (Khoshgoftarmanesh and Kalbasi, 2002a) . In arid and semi-arid regions of Iran, the distinct feature of most cultivated soils is relatively low organic matter (OM) content and, generally, these soils have poor physical characteristics. Consequently, soil application of organic wastes to supply at least a part of the plant nutrient requirement and improve the physical properties of soil is highly important. (Maftoun and Moshiri, 2008) .
Besides considerable organic matter content in leachate causing structure improvement and infiltration increase, they include a lot of macro and micro elements such as N, P, K, Fe, Zn, Cu, Mn and Mo that effects on soil fertility and also they involve infrequent elements causing environmental pollution so waste usage needs to be assessed (Panahpour et al., 2011) .
Application of residues or refuse to soil usually increases availability of macro-and micronutrients. Alleviation of micronutrient deficiencies by application of manure, poultry refuse, and sewage sludge has been reported. Application of refuse to soil may increase the heavy metal contents of the soil that may allow transfer of these metals into the plant (Khoshgoftarmanesh and Kalbasi, 2002a) . Woodbury (1992) investigated trace elements in municipal solid waste composts: A review of potential detrimental effects on plants, soil biota, and water quality. Existing data from field experiments with MSW compost suggest that plant uptake of copper, nickel, zinc, arsenic, and lead will be slight, but boron may occasionally cause phytotoxicity. Most plant species take up little cadmium, but uptake of cadmium from MSW compost-amended soils by species that most readily accumulate cadmium has not been examined under field situations.
The aim of the study was to investigate the impact of municipal waste leachate on soil properties and accumulation of heavy metals in wheat.
MATERIALS AND METHODS

Sample preparation
The experiment was carried out in near Isfahan city in Isfahan province (central Iran) in 2011. The treatment consisted of 0 (T1), 150 (T2) and 300 of MWL Ton.Ha -1 (T3) in a randomized complete block design with three replications. Wheat seedlings were transferred to 4*4m plots. Municipal waste leachate was applied at tillering and panicle stages.
After 40 days, soil samples from 0 to 30 cm, and plant samples were taken for testing. The plant tissues were prepared for laboratory analysis by Wet Digestion method (Campbell and Plank, 1998) . Soil samples were air dried in a greenhouse at a temperature between 25ºC and 30ºC and sifted through a 2-mm mesh sieve for preparation of soil samples (Mojiri and Aziz, 2011) .
Laboratory determinations
Soil reaction (pH), electrical conductivity (EC) and soluble cations were measured on 1:1 extract (Soil:Water). Available potassium ions (K) were measured by Flamephotometry (Zarinkafsh, 1993) . Total nitrogen (TN) was measured by Kjeldahl method (ASA, 1982) . Phosphorus was measured by Olsen method (Ludwick and Reuss, 1974) . Micronutrients and heavy metals in soil and plant samples were carried out by DTPA in accordance the Standard Methods, analysis of municipal waste leachate (MWL) was carried out in accordance the Standard Methods (APHA, 1998).
Statistical analysis
Descriptive statistical analysis including mean comparison using Duncan's Multiple Range Test (DMRT) (in 0.05 level) was conducted using SPSS software.
RESULTS AND DISCUSSIONS
Main soil and MWL properties before experiment are shown in Table 1 . The soil chemical characteristics in the three treatments can be compared in Table 2 . DTPA-extractable iron (Fe), manganese (Mn), cadmium (Cd) and nickel (Ni) (ppm) equal to 2.27, 1.39, 0.06 and 0.31 were found in the main soil, respectively. Extractable Fe, Mn, Cd and Ni equal to 70.12, 9.51, 0.05 and 0.91 were found in the municipal waste leachate (MWL), respectively.
According to Table1, MWL added to the soil caused an increase of electrical conductivity, total nitrogen, total phosphorus, available potassium, extractable iron, manganese, cadmium and nickel but it caused a decrease of soil pH. 
International Journal of Scientific Research in Environmental Sciences (IJSRES), 1(1), pp. 1-6, 2013
3 Minimum soil pH equal to 6.86 was observed in T3, and maximum pH equal to 7.04 was recorded in T1. Minimum EC (dS m -1 ) equal to 1.22 was found in T1, and maximum EC equal to 1.47 was found in T3. Minimum TN (%) equal to 0.07 was observed in T1, and maximum TN equal to 0.12 was found in T3. Minimum P (ppm) equal to 14.41 was observed in T1, and maximum P equal to 15.07 was found in T3. Minimum K (ppm) equal to 2.57 was observed in T1, and maximum K equal to 3.94 was found in T3.
Minimum extractable Fe (ppm) equal to 2.19 was observed in T1, and maximum extractable Fe equal to 4.29 was found in T3. Minimum extractable Mn (ppm) equal to 1.31 was recorded in T1, and maximum extractable Mn equal to 2.18 was determined in T3. Extractable Cd (ppm) concentrations were 0.06 in all treatments. Minimum extractable Ni (ppm) equal to 0.30 was determined in T1, and maximum extractable Ni equal to 0.38 was determined in T3.
Effects of municipal waste leachate (MWL) application on soil properties
MWL application caused a decrease of soil pH. This is in line with findings of Panahpour et al. (2011) and Khoshgoftarmanesh and Kalbasi (2001) . The observed decrease in the soil pH in MWL treatments are attributed to the acidifying effect of MWL (Khoshgoftarmanesh and Kalbasi 2002a) .
Some investigations showed that the MWL added to the soil caused at first a decrease of soil pH but after a while it had no significantly effect on soil pH, and soil pH returned to its original state (Khoshgoftarmanesh and Kalbasi, 2002b ). Most these investigations described the long term impact of MWL added to the soil while this study was short term.
MWL application caused an increase of electrical conductivity in soil. This is in line with findings of Panahpour et al. (2011) and Maftoun and Moshiri (2008) .
MWL application caused an increase of available potassium in soil. This is in line with findings of and Khoshgoftarmanesh and Kalbasi (2001) . The higher concentration of cations such as Na and K in MWL led to an increase in EC and exchangeable Na and K in soils plus MWL.
MWL application caused an increase of total nitrogen in soil. This is in line with findings of Khoshgoftarmanesh and Kalbasi (2001) .
MWL application caused an increase of phosphorus in soil. This is in line with findings of Pahanhpour et al. (2011) and Khoshgoftarmanesh and Kalbasi (2001) . Increasing the total N and phosphorus of soil plus MWL can be attributed to different forms of nitrogen and phosphorus in the MWL.
Micronutrient and heavy metals
MWL application caused an increase of extractable iron, manganese, cadmium and nickel in soil. This is in line with findings of Madrid et al. (2007) , Maftoun and Moshiri (2008) and Amirossadat (2012) . Accumulation of micronutrients and heavy metals from MWL application could be caused directly by the presence of micronutrients and heavy metals in MWL or indirectly through increasing solubility of the indigenous insoluble soil heavy metals as reduction of soil pH. 4 Panahpour et al. (2011) investigated influence of garbage leachate on soil reaction, salinity and soil organic matter in east of Isfahan. Results of this study showed that the MWL added to the soil caused a decrease of soil pH but it caused an increase soluble salts and also organic matter percentage. Therefore, acidic pH increased the ability to absorb some nutrient elements such as phosphorus, iron, zinc, copper and manganese, and organic materials also improved many physical and chemical properties of soil.
The accumulation of heavy metals in wheat in the three treatments can be compared in Table 3 and figures 1 to 2.
Minimum extractable Fe (ppm) in root equal to 1.780 was observed in T1, and maximum extractable Fe equal to 3.041 was found in T3. Minimum extractable Mn (ppm) equal to 0.732 was recorded in T1, and maximum extractable Mn in root equal to 1.102 was determined in T3. Minimum extractable Cd (ppm) equal to 0.007 was determined in T1 and T2, and maximum extractable Cd in root equal to 0.008 was determined in T3. Minimum extractable Ni (ppm) in root equal to 0.007 was determined in T1, and maximum extractable Ni equal to 0.009 was determined in T2 and T3. The effects of municipal waste leachate (MWL) on accumulation of micronutrients and heavy metals in wheat: These results showed that:
-MWL application caused an increase of extractable Fe in wheat. This is in line with findings of Astaraei and Bond (2008) .
-MWL application caused an increase of extractable Mn in wheat. This is in line with findings of Khoshgoftarmanesh and Kalbasi (2002a) .
-MWL application caused an increase of extractable Cd in wheat. This is in line with findings of Khoshgoftarmanesh and Kalbasi (2002b) .
-MWL application caused an increase of extractable Ni in wheat. This is in line with findings of Astaraei and Bond (2008) . Khoshgoftarmanesh and Kalbasi (2001) investigated the effect of garbage leachate (GL) on growth and yield of rice and its residual effects on wheat. This result showed that the GL increased concentrations of some heavy metals in rice. Residual effects of GL application after rice increased the straw and grain yield of wheat as well as macro and micronutrients uptake.
CONCLUSION
Municipal solid waste (MSW) leachate contains micro elements that can be used by plant. Using large scale municipal waste leachate on agricultural lands can be a synergistic management practice. MWL added to the soil caused an increase of electrical conductivity, total nitrogen, total phosphorus, available potassium, extractable iron, manganese, cadmium and nickel but it caused a decrease of soil pH. Municipal waste leachate caused an increase of heavy metals in wheat that accumulation of heavy metals in roots was important than in shoots.
